A replicated trial was conducted with suckled Angus and Polled Hereford cows (110 d postcalving) to determine metabolic and endocrine responses to an energy-restricted diet after cows had re-established postpartum estrous cyclicity. Cows were individually fed 26.5 Mcal ME (H) or 15.2 Mcal ME (L) for a 30-d preliminary period and fitted with an indwelling jugular cannula at synchronized estrus. Average daily weight change during the estrous cycle was .60 f .25 and -1.37 f .30 kg/d for H and L, respectively (P < .05). Blood concentrations of cortisol, progesterone and LH during the estrous cycle were not affected by diet, nor did diet affect frequency or amplitude of LH pulses (P > .05). No dietary differences were observed for daily concentrations of total protein, glucose, nonesterified fatty acids or acetate. Mean blood concentrations of propionate and butyrate were not different between diets; however, L cows had lower concentrations of propionate and butyrate on d 11 of the cycle (P < .05). Cows fed L had higher concentrations of blood urea nitrogen (P < .05), but they had lower concentrations of cholesterol (P < .05) on d 4, 11, 18 and subsequent estrus (E). Insulin was not different on d 4 and 11; however, cows fed L had lower insulin concentrations on d 18 and d E (P < .OS). Dietary energy restriction in these cyclic cows caused no change in endocrine responses. Of metabolic responses measured, only blood urea nitrogen, cholesterol and insulin showed consistent changes.
Introduction
Cows bred while losing BW have lower pregnancy rates than cows maintaining or gaining BW (Wiltbank et al., 1962 , 1964 , Wamick et al., 1967 Dunn et al., 1969) . Mechanisms by which nutrition reduces preg-nancy rate are unclear, but abnormal endocrine function may be a contributory cause of pregnancy reduction in energy-restricted cows.
Conflicting data have been reported concerning blood concentrations of progesterone (P4), cortisol (CORT) and LH in energyrestricted beef cows and heifers (Donaldson et al., 1970; Gombe and Hansel, 1973; Spitzer et al., 1978; McCann and Hansel, 1986) . Although these studies have dealt with different degrees of severity and durations of energy restriction, they have not defined body condition of animals during the experimental period.
Few studies have been conducted to observe hormonal and metabolic response in nutritionally stressed beef cows after they have initiated postpartum estrous cyclicity. The present study was designed to investigate effects of dietary energy restriction on endocrine and metabolic responses during the estrous cycle of the cycling suckled beef cow. 
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Materials and Methods
Sixteen Angus and Polled Hereford multiparous cows (100 d postcalving, range 103 to 118) were used in a replicated experiment. Within each replicate, cows (n = 8) were fed prepartum to calve with body condition score (BCS) of 6 based on a scale of 1 (emaciated) to 9 (obese) (Richards et al., 1986; Spitzer, 1986) . All cows were maintained in BCS of 2 5 through return of postpartum cyclicity. Calves were allowed to suckle ad libitum throughout both trials.
Diets were formulated based on average weight and milk production of cows, estimated feed composition and desired weight change.
Cows fed high-energy diet (H) (n = 8) had a daily intake of 13.6 kg DM and 26.5 Mcal ME (NRC, 1984; Table 1 ). Cows fed low-energy diet (L) (n = 8) had a daily intake of 7.3 kg DM and 15.2 Mcal ME (NRC, 1984; Table 1 ). Intake of CP averaged 1.45 and 1.40 kg/d for H and L, respectively. Cows had ad libitum access to a mineral mix containing 12% phosphorus and received 2 x 106 I U of parenteral vitamin A at the start of the study.
Cows were accustomed to handling and individual feeding procedures well before initiation of each trial. After all cows had exhibited a normal postpartum estrous cycle, cows were weighed, BCS was recorded and milk production was estimated by the weightsuckle-weigh method (Knapp and Black, 1941;  5~e v a Laboratories, Overpark, KS.
%=ton, Dickinson, and Co., Rutherford NJ. 'Coat-A-CounS Diagnostic Products Corp., Los An@-les, CA. Bartle et al., 1984) . Cows were weighed every 7 d and milk production was estimated every 14 d. At the beginning of the 30d preliminary period (80 d postcalving), cows were allotted randomly to either H or L diet and individually fed twice daily at 0700 and 1900. On d 19 of the preliminary period, cows were given a SYNCROMATE-B5 (SMB) treatment utilizing 6 mg estradiol valerate. On d 28 of the preliminary period, SMB implants were removed and cows were observed four times daily for estrus. On d 1 (i.e., synchronized estrus) of the estrous cycle, an indwelling cannula6 was placed in a jugular vein of each cow and remained in situ until completion of the study. Blood samples for P4, CORT and LH were collected twice daily immediately prior to feeding (0700 and 1900). In addition, blood samples were collected at 10-min intervals for 8 h on d 4, 11, 18 and subsequent estrus (E) for determination of LH pulse frequency and amplitude. All samples were collected, allowed to clot for 20 min and centrifuged at 2,500 x g for 15 min at 4°C and serum was harvested. Serum was frozen at -20'C until it was subjected to RIA.
Blood samples for nonesterified fatty acids (NEFA) and VFA were collected twice daily (lo00 and 1400) on d 4, 11, 18 and E. Blood samples for insulin (INS), blood urea nitrogen (BUN), glucose (GLU), total cholesterol (CHOL) and total protein (TP) were collected at 0200, 1O00, 1400, 1900 and 2200 on d 4, 11, 18 and E. Samples were collected, allowed to clot for 20 min and centrifuged at 2.500 x g for 15 min at 4'C and serum was harvested. Serum was frozen at -2WC until subjected to FUA, radiochemical assay or chemical autoanalyzer.
Concentrations of P4 were measured by direct assay using solid-phase RIA7 (Plata et al., 1990) . Concentrations of LH were determined by RIA as described by Barnes et al. (1980) . Iodination procedure for LH was that of Chang et al. (1981) with modification of the column as described by Bolt (1981) . Quality of iodinated LH preparation was determined by talc-resin-trichloroacetic acid test (Tower et al., 1980) . Cortisol was measured by a direct RIA as reported by Henricks et al. (1984) . Intraand interassay CV for P4 (across eight assays) were 3.7 and 6.7%, respectively. Cortisol intraand interassay CV were 14.6 and 12.2%. respectively. Intra-and interassay CV for LH in p l e d bovine plasma across 22 assays were 4.4 and 11.7%, respectively.
Concentrations of GLU, BUN, CHOL and 'IT were determined by a Paramex clinical chemical autoanalyze*. Serum concentrations of NEFA were determined in a radiochemical assay using 63Ni (NO& as tracer (Ho, 1970) . Comparison of this procedure and an enzymatic colorimetric assay, with tubes run in duplicate, provided identical values with a slope of 1 when compared. Serum insulin concentrations were determined in a double antibody RIA (Hale and Randle, 1963) . Bovine insulin was iodinated according to procedures of Greenwood et al. (1963) . In brief, separation of INS preparation was conducted using a Biorad9 AGl-x8 ion exchange column. Standard insulin used in the assay was obtained from Sigma Chemical ~0 . 1 0 (Sigma r 550).
First antibody was guinea pig anti-bovine insulin (GP-2065-101) used at a dilution of 1: 30,000, second antibody was developed in sheep and used at a 1 5 dilution. Sensitivity of the assay was .1 ndml with inter-and intraassay CV of 4.98 and 3.81, respectively. Serum VFA were analyzed by the procedure of Bjorhman and Forslund (1986) with changes in the final two steps. After NaOH was added to the supernatant fluid, the mixture was evapcrated to dryness at 50°C in a vacuum oven and then redissolved in 300 pl of 25% metaphosphoric acid (w/w). Individual I T A were determined by GLC using isobutyric acid as an internal standard.
When estrous cycle length could not be determined due to absence of an observed estrus (n = 4; 3 L and 1 H), estrus was estimated as 2 d after concentrations of P4 had declined to 50% of the value of the previous day. Differences between treatment means for BW change, milk production, estrous cycle length, BCS, blood concentrations of P4, CORT, LH and nutrient metabolites were determined by analysis of variance using the Statistical Analysis System General Linear Model procedure (SAS, 1985 
Results
Two L cows were classified as anestrous (blood P4 e 1 ndml) during the experimental estrous cycle. Therefore, they were removed from all analyses.
Average daily weight change during the estrous cycle was .60 f .25 and -1.37 f .30 kgl d for H and L, respectively (P e .05). Mean BCS for the 14 cows at the beginning of the adjustment period was 5.3. Mean BCS at the start of the experimental period (after a 30-d adjustment to diets) was 5.3 and 4.8 for H and L (P > .05). Mean BCS at the end of the experimental period was 5.5 and 4.0 for H and L (P < .05).
Milk production and estrous cycle lengths were not affected by diet. Mean mi& production was 8.2 f .9 and 7.3 * .6 kg/d for H and L, respectively (P > .05). Mean estrous cycle lengths were 21.0 f .7 d for H and 22.0 f .3 d for L cows (P > .OS).
Level of nutrition did not affect (P > .05)
daily peripheral blood concentrations of P4 (Figure 1 ). CORT (Figure 2 ) or LH (Figure 3 ) during the estrous cycle. Additionally, frequency and amplitude of LH pulses were not affected (P > .05) by energy restriction (Table   2 ). Blood concentrations of ' I " , GLU, NEFA and acetate during the estrous cycle were not affected (P > .05) by energy restriction (Table   3) . Mean blood concentration of propionate and butyrate were not different; however, L 
Discussion
Weight loss that occurred in L cows is attributed to a decrease in adipose tissue due to lipolysis (Diiarco et al., 1981) . However, a decrease in lipogenesis also may have occurred. Metabolism of adipose tissue to provide daily energy needs is supported by the decrease in BCS. Dunn et al. (1983) showed that all measures of body fat were highly correlated (r = .86) with this system of BCS.
The loss of both BCS and body weight illustrates that L cows were nutritionally stressed and metabolizing body reserves to meet energy demands.
Milk production stayed relatively constant between dietary treatment groups despite the loss of both weight and BCS of cows on the L diet. These results agree with previous findings by Bade et al. (1984) and suggest that cows are capable of mobilizing body reserves to maintain lactation during a short period of dietary restriction during mid-lactation.
Data reported in the present study also agree with several studies wherein estrous cycle length was not affected by diet (Apgar et al., 1975; Spitzer et al., 1978; Imakawa et al., 1983 Apgar et al. (1975) , Spitzer et al. (1978) and Kazmer et al. (1985) . However, these data conflict with Donaldson et al. (1970) , Dunn et al. (1974) and McCann and Hansel (1986) . who reported that concentrations of P4 increased, and with Hill et al. (1970) and Beal et al. (1978) , who repoaed that P4 decreased following restricted nutrient intake by the cow. Blood concentrations of daily LH remained at baseline during the estrous cycle with elevation of LH close to estrus, which coincides with the normal preovulatory surge of LH. Energy restriction resulted in no differences in LH, which is in agreement with several studies (Hill et al., 1970; Spitzer et al., 1978; Kazmer et al., 1985) . Other workers, however, have observed increases (Gombe and Hansel, 1973; DUM et al., 1974) or decreases (Apgar et al., 1975; McCann and Hansel, 1986) 
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c*dVariable means that do not have a common superscript differ (P < .OS). Kazmer et al. (1985) . Our data support those of Kazmer et al. (1985) and McCann and Hansel (1986) that reflected no change in CORT during energy restriction.
Fasting and underfeeding alters body energy metabolism, reducing insulin and glucose availability to tissues (Bergman, 1982) . That peripheral GLU changes due to level of feed intake is supported by McCann and Hansel (1986) , who observed decreased concentrations of blood glucose in fasted heifers. However, their data conflict with the lack of GLU response to energy restriction in the present study and in other studies (Dunn et al., 1974; Miller et al., 1978; Kazmer et al., 1985) .
Flasma fatty acid concentrations often are increased in animals fed restricted energy ( D i i c o et al., 1981) . However, in this study blood levels of NJTA were not affected by energy level, which concurs with the results of Bartle et al. (1983) . Nachtomi et al. (1986) also reported no effect of energy level on blood NEFA in dairy cattle. Bartle et al. (1983) observed that the composition of individual fatty acids changed but total fatty acids did not.
Based on losses of BW and BCS, our results indicate that L cows were nutritionally stressed and metabolizing both body lipid reserves and amino acids to meet energy demands. Protein (amino acid) release by muscle tissue during fasting produces GLU from the conversion of amino acids in the liver and kidney (Bergman, 1982) ; this explains the increase of BUN in L cows. However, the increase of BUN in L cows also could be attributed to the higher percentage of dietary CP, which, combined with lower energy intake with the L diet, will increase ruminal ammonia absorption and subsequent conversion to BUN by the liver. Kazmer et al. (1985) observed that BUN increased soon after fasting began but then decreased in fasted heifers. Because our experiment consisted of a 30-d preliminary period, metabolism of amino acids to meet glucose demands would help maintain BUN at high levels in L cows. (Etherton, 1982) that INS regulates GLU and amino acid uptake by cells of many tissues. Metabolism of GLU is necessary for P4 production by steroidogenic cells (Amstrong and Black, 1966) . Insulin enhanced in vitro production of P4 in luteal cells of monkeys (Gulyas et al., 1980) and rats (Ladenheim et al., 1984) . Therefore, INS may be involved in GLU uptake in bovine luteal cells. Because luteal regression had begun by d 18 (when decreased INS concentrations were observed in the present study), any difference in P4 due to decreased insulin would not be observed. However, the possibility of decreased steroidogenic activity of the ovary due to a decrease in insulin in the preceding cycle may explain such occurrences as cyclic cows becombg anestrous or early embryonic death due to decreased output of P4 by the corpus luteum
Our results indicate that energy restriction had no significant effect on output of the hypothalamo-pituitary axis or the CL. However, of the six L cows completing the experiment, three did not show estrus, ovulate or form a CL (based on blood P4 and palpation of ovaries per rectum) during the estrous cycle following the experimental period. Hormonal concentrations in the cycle before cessation of cyclic activity did not m e r . These results suggest that the transition from the cyclic to the anestrous state was not marked by alteration in estrous cycle length or change in blood concentrations of reproductive hormones. The transition to anestrus in these three cows was abrupt rather than gradual. This abrupt transition from cyclicity to anestrus may indicate a decrease in responsiveness of the corpus luteum to LH. Two possible hypotheses for failure to maintain cyclicity during nutritional stress are 1) a decrease in insulin late in the estrous cycle resulting in a decrease of glucose uptake by the ovary, thus depriving cells of energy needed for steroidogenic activity during the subsequent estrous cycle (Armstrong and Black, 1966; Gulyas et al., Energy restriction in cycling beef cows will not result in hormonal changes if cyclicity is maintained. Therefore, other mechanisms must be involved in the transition from cyclic to anestrous in cows losing weight and body condition.
